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The present application is a continuation-in-part of my 
copending application Ser. No. 72,837, filed Nov. 29, 
1960 and now abandoned. 

This invention generally relates to collapsible assem- 
blies of loosely interconnected members which may be 
selectively stiffened into rigid bodies or relaxed for stor- 
age or transport. Such structures have been disclo'^ed in 
my prior Patent No. 2,822,896, issued Feb. 11, 1958', and 
consist basically of a plurality of aligned body sections of 
limited length, reminiscent of the vertebrae in a human 
spine, which are held together under pressure by releas- 
able tension elements. 

The structures of this type disclosed in my above- 
identified prior patent utilize annular body sections inter- 
connected by one or more tension elements symmetrically 
disposed with reference to the body axis. Assemblies 
consisting of such sections are well suited as vertical sup- 
porting rods or the like in which there is no preferred 
direction of flexural stress. They do, however, require a 
considerable bending radius when being rolled up in their 
relaxed condition. In turn, the relatively large slack of 
the tension means to be taken up in the tightened condi- 
tion necessitates tightening devices having a long stroke. 
Their utility as structural elements is further limited by 
the fact that the sections and tension elements cannot be 
adjusted relatively to one another to compensate for given 
stress conditions and that there exists no convenient way 
of combining a plurality of units into composite struc- 
tures. 

Accordingly, it is an object of my present invention to 
provide collapsible structures of the type referred to in 
which means are provided to enable relative transverse 
adjustment of the body sections and their tension elements 
m order to combine maximum structural rigidity in the 
tensioned state with a large degree of flexibUity in the 
relaxed condition of the assembly. 

A related object of the invention is to provide such 
structures with simple means for relatively immobilizing 
their body sections and tension elements in different posi- 
tions of adjustment, e.g. for the purpose of shifting the 
zone of maximum compression to accommodate differ- 
ent stress conditions under load. 

Still another object of the invention is to provide an 
improved device for tightening one or more tension ele- 
ments (especially a pair of such elements) in structures 
of this type, in combination with means for locking the 
device in its operated position. 

According to this invention I provide, in an assembly 
of mterconnected body-forming members as described 
above, at least one elongated, flexible and substantially 
mextensible tension element which is so shiftable with 
reference to each individual body member as to come to 
rest at different distances from one of the lateral surfaces 
of the member, i.e. the surface located at that side of 
the structure toward which the latter is to be rolled or 
folded in its slackened state. Thus, the tightened tension 
element can be positioned at a sufficient distance from 
that side to provide a strong moment of resistance against 
bending in the solidified structure but, when slackened, 
can be brought close enough to one of the surfaces of 
each body member to permit coiling of the assembly 
about a small radius. 



According to a more specific feature of this, invention, 
each of the body members bearing upon one another in 
pressure-transmitting relationship is formed with a waU 
extending substantially perpendicularly to the aforemen-^ 
5 tioned surface, this wall thus lying at least approximately 
in the plane of flexure, and at least one tension cable i$ 
disposed next to this wall in a space affording clearance 
for the shifting of the cable along the wall surface. Such 
shifting may be temporarily prevented by removable 
jQ stops, cjg. pins attached to the wall, though it is also pos- 
sible to provide a permanent abutment which engages 
the cable at a single point, remote from the side facing 
in the direction of bend, while letting the cable flex 
around that point toward the side proximal to the center 
15 of curvature when adjacent members are swung relatively 
to one another, in the relaxed state of the cable, about 
axes transverse to the plane of flexure. * 

The system according to the invention enables the rigid 
unit so obtained to be used as a more or less horizontal 
20 beam which, when loaded, will have a lower tension 
flange and an upper compression flange, the cable or 
cables being situated in the region of the tension flange 
to absorb the negative stresses due to bending moments. 
A tightening device for the cable or cables may then com- 
25 prise a simple toggle lever adapted to be swung from a 
released position into an operated position alongside the 
tension flange, the lever being securely held in the latter 
position by the stretched cable whose elastic force is sup- 
plemented by the loading stresses; if desired, however, a 
30 safety catch may be added to prevent any untimely release 
of the lever even when the load is removed. 

The displaceability of the tension cable or cables, be- 
sides enabling a shift in the compression zone to suit dif- 
ferent types of load, also allows adjacent body members 
35 to be articulatedly interconnected by suitable hmges or 
the like, for structural continuity, in the region of the 
compression flange which in operation is remote from the 
cable position. When the cable is released to collapse 
the unit, a displacement of the cable toward the hinges 
40 will facilitate coiling of the assembly without putting 
a stram on the linkage between the members. Where a 
positive coupling of these members to one another is 
desired only in the rigid condition, the hinges may be re- 
placed by interfitting formations on confronting faces of 
adjoining members. 

An important advantage of this invention is that com- 
posite articles, incorporating one or more elongated struc- 
tural units of the type, described, may be folded or rolled 
up bodily in a preferred direction regardless of the operat- 
ing position of the tension element or elements within 
each unit. A foldable stretcher, for example, may include 
a frame with side bars composed of abutting body sec- 
tions that are held together by respective pairs of tension- 
able internal cables extending horizontally near the bot- 
tom surface of each bar; such a stretcher could readily 
be rolled up in a downward direction upon a slackening 
of the cables, yet it could also be coiled upwardly — 
should this be preferred— if the cables were vertically 
shiftable inside the body sections as discussed above. 

The foregoing features, partly disclosed in my afore- 
mentioned application Ser. No. 72,837, will become more 
fully apparent from the following detailed description of 
certam embodiments, reference being made to the ac- 
companying drawing in which; 

FIG. 1 is a perspective view of a stretcher frame em- 
bodying my invention; 

HG. 2 is a side view of the frame in its rigid state; 
FIG. 3 shows the partly collapsed stretcher frame in 
a top view; 

FIG. 4 is an elevational front view of the frame; 
FIG. 5 shows the frame of FIGS. 1-4 partially rolled 
up, in a side view; 
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FIG. 6 shows the stretcher frame completely rolled up 
for storage, in a side view; 

FIG. 7 is a perspective View of an advantageous em- 
bodiment of a body section adapted to be used in a frame 
as shown in the preceding figures; 

FIG. 8, in a view similar to. that of FIG. 7» shows a 
•modified body section; 

FIG. 9 is a longitudinal sectional view of two inter- 
'connected body sections of the type shown in FIG. 8, 
taken on the line IX — DC thereof; iq 

FIG. 10 shows the sections of FIG. 9 in a similar view, 
but in a relaxed state of an associated pair of tension 
cables; 

FIG. 11 is a view similar to FIG. 9 illustrating still an- 
other modification; 15 

FIG. 12 shows the sections of FIG. 1 1 in a relaxed state 
in a view similar to FIG. 10; 

FIG. 13 illustrates yet another form of body section 
in a perspective view; 

FIG. 14 represents a perspective view of a further 20 
modification; 

FIG. 15 depicts yet another variant, seen in perspec- 
tive; and 

FIG. 16 is a perspective detail view of a combined 
handle and tightening device employed in the frame of 25 
FIGS. 1-6. 

In FIGS 1-6, 1 have shown a stretcher frame embody- 
ing my invention. Two elongated structural members 
10, 10' comprise each a plurality of body sections 11, 11'. 
These sections are interconnected by tension cables 17 30 
anchored at one end to a pair of tightening devices 12, 
12' which have actuating elements 14a, 14a' designed as 
carrying handles for the stretcher. The other ends of the 
cables are attached to end stops 16, 16' which, for con- 
venience of manufacture, are of the same basic shape 33 
as the devices 12, 12' and which are also associated with 
carrying handles 146, 14b\ Articulated cross-links 13a, 
136 are hinged to the terminations 12, 12' and 16, 16' of 
members 10, 10' and serve to space these members hori- 
zontally apart during use of the stretcher; they are hori- 40 
zontally foldable at the center for reducing the sepa- 
ration of members 10, 10' to a minimum when the 
stretcher is collapsed. Legs 15 depend from end sec- 
tions 11a, 11a', lib, lib' to support the stretcher. It 
will be understood, although not specifically shown in 45 
the drawing, that a canvas or the like may be fastened 
by suitable means to the members 10, 10' in order to pro- 
vide support for a load to be placed on the stretcher. 

The stretcher frame, shown in its rigid state in FIGS. 1 
and 2 and partially collapsed in FIGS. 3 and 4, is seen 50 
in FIG. 5 in the process of being rolled up. One end of 
the structural member 10', with the tightening device 12' 
attached, is shown swung downwardly in the direction of 
those body surfaces along which the tension element 17 
is disposed, hence this arrangement requires but a small 55 
bending radius. 

FIG. 6 shows the stretcher fully rolled up, the tension 
element 17 released and the handles (only those desig- 
nated 14a', 146' being visible) disposed inwardly of the 
relaxed elements 10, 10'. 60 

FIG. 16 is a detail view of the tightening device 12 
with its carrying handle 14a. A channeled bracket 30 
comprises at its rear end two flanges 31', 31" through 
which the tension element 17 extends. At its other end 
a lever 32, having a hook formation 33, is fulcrumed at gs 
a point 34. This lever is integral with the carrying handle 
14a. A latch 36 is horizontally slidable in a slot 35 ex- 
tending transversely through the bracket 30. Latch 36 
is urged in the direction of the flanges 31', 31" by a 
spring (not shown). In operation, the looped end of 70 
the slack tension element 17 is slipped around hook 33 
and lever 32 is pivoted counterclockwise into nesting po- 
sition within the bracket 30, thereby causing the latch 36 
to be cammed forwardly by a lug 37 on that lever be- 
fore being biased back into its original, position to en- 75 



gage in the recess 38, thus loclcing the lever in position. 
It should be noted that, in its tensioned state, the looped 
end of cable 17 lies somewhat below fulcrum 34 so 
as to tend to maintain the lever 32 in tightening position. 

FIG. 16 also shows a pair of lugs 39, rigid with lever 
32, in which the handle 14a is axially slidable, the other 
handles 14a', 146, 146' being similariy mounted. It will 
be understood that the tensioning device 12 may also be 
used without the lugs 13 and the handle 14a (or 14a') 
if this device is to serve only for the tightening of a cable 
without any carrying function. 

In FIGS. 7-15 I have illustrated a variety of body sec- 
tions which may be used as or in lieu of the members 
11, 11' in FIGS. 1-6. 

The body section 111 shown in FIG. 7 is of prismatic 
configuration and provided in three of its walls with 
longitudinal slots 112a, 1126 and 112c, the slot 112a •ac- 
commodating a tension cable 117a whereas the two slots 
1126 and ItZc, together constituting a chanrtel of 
L-shaped profile, receive a cable 1176. It will be under- 
stood that the two cables Il7a, 1176 may be part of a 
single looped tensioning element as shown at 17 in FIG. 
16, Each of the slotted walls of member lU is provided 
with a set of throughgoing holes 113a, 1136, 113c per- 
mitting the insertion of pegs, such as those shown at 
114a and 1146, for holding the cables 117a, 1176 agamst 
transverse motion in selected positions within their re- 
spective channels 112a, 1126, 112c. With the aid of thesd 
pegs, the plane of the parallel tensioia eieirients il7di 
1176 inay thus be shifted up or down or even tilte^ iiito 
a nearly diagonal position, depending oh the direction of 
the load to be, sustained by the stnicture. . With dowri- 
wardly directed load pressures as, indicated by the arrow 
P, for example, the illustrated Bpttoni position, of the 
cables 117a, 1176 wUl be most effective; if the load di- 
rection is subject to reversals, a positioning of the cables 
in or near a horizontal median plane will be more suit- 
able. Approximately diagonal positioning, of course, 
will be preferred where the load acts in a direction other 
than vertical. 

FIG. 7 also illustrates a pair of corner bosses llSa, 
1156, integral with the body of member 111, which fit into 
complementary recesses 116a, 1166 of an adjoiiiing 
member when several such members are interconnected 
to form an elongated structure as described in connection 
with FIGS. 1-6. It will be noted that the projections 
llSa, 1156 and the recesses 116a, 1166 are provided near 
the top of the member, thus in the portion thereof which 
forms a compression flange in the presence of a load as 
symbolized by arrow P. This load, which of course in- 
cludes the dead weight of the elongated structure itself, 
prevents separation of the mating formations 115a, 1156 
and 116a, 1166 in the tightened condition of the cables 
117a, 1176. 

In FIGS. 8-10 I have shown another type of body sec- 
tion 211 which is of U-shaped profile and provided with 
longitudinal channels 212a, 2126 within the arms of the 
U, these channels accommodating a pair of tension 
cables 217a, 2176 as in the preceding embodiment. At 
their lower ends, i.e. in the region of the bight of the U, 
the channels 212a, 2126 are countersunk to form re- 
cesses 216a, 2166 accommodating complementary beads 
215a, 2156 which slidably ride on the cables 217a, 2176 
to form interfitting abutments between adjoining body 
sections, upon a tightening of the cables, as functional 
equivalents of the bosses llSa, 1156 of FIG. 7 (see par- 
ticularly FIG. 9). 

The channels 212a. 2126 are internally provided with 
curved ramps 218a, 2186 which descend from the top of 
the respective channel and approach the bottom of the 
channel, substantially midway along its length, with just 
enough clearance for the associated tension cable. The 
presence of these ramps positively locates the cables 
217a, 2176 in their bottom positions upon the tensioning 
of the cables by the associated tightening device (FIG, 



07/11/2003, EAST version: 1.03.0002 



3,314,: 

5 

16); when the cables are relaxed, they can curve about 
the ramp surfaces so as to facilitate the swinging of ad- 
joining members 211 about a small radius as illustrated 
in FIG. 10. It thus becomes possible to interconnect 
these members by means of mating hinge elements 219', 5 
219" so as to form a continuous articulated structure, 
such hinges being, of course, also usable in the embodi- 
ment of FIG. 7 (in lieu of the formations 115a, 115& 
and 116fl, I16b) where the channels 112fl, 112A allow 
the cables 117a, 117 b to be slid towards these hinges pre- in 
paratorily to the coliasping of the structure. 

FIGS. 11 and 12 show part of a similarly articulated 
structure composed of U-shaped sections 310 which are 
hinged together at 319, the principal difference between 
section 310 and 210 being that the ramps 218fl, 218i 15 
have been replaced by a transverse pin 31S near the 
bottom of each cable-receiving channel 312. The chan- 
nel 312 in each arm of the U is upwardly open (in con- 
tradistinction to the channels 212a, 212b of FIG. 8) to 
permit a sliding of the relaxed cable 317 past the hinges 20 
319', 319" in the collapsed position illustrated in FIG. 12. 

FIG. 13 shows a body section 410 of L-shaped profile 
with a single channel 412 for a cable 417a and a longi- 
tudinal bore holding the other cable 417^> in transversely 
fixed position, this bore terminating in a recess 416 and 25 
in a complementary boss 415 slidably traversed by that 
cable. The channel wall of section 410 has again a 
series of throughgoing holes 413 adapted to receive suit- 
able fastening means for temporarily immobilizing the 
cable 417a, such as a cable-straddling stirrup 414 or the 30 
pegs 114fl, 114b of FIG. 7. 

FIG. 14 shows a similar L-shaped section 510 with a 
longitudinal channel 512 for a cable 517 and a slanted 
throughgoing slot 520 intersecting that channel, the slot 
520 being traversed by a stud 521 which has a cross-bore 35 

522 through which the cable passes; a clamping screw 

523 is threaded into an end of stud 521 to immobilize the 
latter with reference to cable 517a whereby the latter 
may be selectively held at any level of the inclined slot 
520 and channel 512. The other cable 5176 is again 40 
fixedly lodged, except for longitudinal slidability, within 
the other leg of the L. 

The L-shaped member 610 shown in FIG. 15 is similar 
to section 510 of FIG. 14, except that the longitudinal 
channel 512 is omitted from the leg of the L formed with 45 
the inclined slot 620; the two cables 617a and 6176, 
flanking this leg of the L, are adjustably received in a 
single stud 621 (in the manner described for cable 517a 
in FIG. 14) which has two clamping screws 623a, 6236, 
on opposite ends, for immobilizing the cables with refer- 50 
ence to the stud at a selected common level Bosses 615a, 
6156 are provided on the other leg for co-operation with 
complementary recesses in the manner and for the purpose 
described in connection with FIG. 7. 

It will be apparent that the various types of body sec- 55 
tions shown in FIGS. 7-15 have many interchangeable 
features which can be used in various combinations. 
Thus, for example, these sections can be hingedly inter- 
connected, as in FIGS. 8-12, and/or provided with inter- 
fitting formations including recesses (116a etc.) and pro- 60 
jections (e.g. 115a, 215a, 415, 615a) which may be 
located either at comers remote from the operative 
cable positions (FIGS. 7 and 15) or at points traversed 
by the cables (HGS. 8, 9 and 13). In the latter case, 
again, the projections may be supported only by the 65 
cables or may be integral with one of two adjoining 
sections between which they are located. Other modifica- 
tions and adaptations of the disclosed arrangements, read- 
ily apparent to persons skilled in the art, are also possible 
and are intended to be embraced in the spirit and scope 70 
of my invention as defined in the appends! claims. 

I claim: 

1. A load-bearing structure comprising an elongated 
body subject to flexural stress in a given plane by the 
load, said body including a plurality of juxtaposed sec- 75 
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tions of substantially identical configuration each having 
a wall surface disposed substantially parallel to said 
plane, said sections having aligned passages defining at 
least one throughgoing channel; elongated, flexible and 
substantially inextensible tensioning means in said chan- 
nel alternately tightenable and releasable for solidifying 
said body by aligning said sections in pressure-transmit- 
ting relationship and slackening said body by releasing 
said sections for limited relative displacement, said sec- 
tions being provided with clearances enabling at least 
partial displacement of said tensioning means along said 
wall surface between a region subject to negative stresses 
under load and a location remote from said region; and 
actuating means anchored to said tensioning means for 
alternately tightening and relaxing same. 

2. A structure as defined in claim 1 wherein said sec- 
tions are hingedly interconnected in the vicinity of said 
remote location. 

3. A load-bearing structure comprising an elongated 
body subject to flexural stress in a given plane by the 
load, said body including a plurality of juxtaposed sec- 
tions of substantially identical configuration each having 
a wall surface disposed substantially parallel to said plane, 
said sections having aligned passages defining at least one 
throughgoing channel; elongated, flexible and substan- 
tially inextensible cable means in said channel alternately 
tightenable and releasable for solidifying said body by 
aligning said sections in pressure-transmitting relation- 
ship and slackening said body by releasing said sections 
for limited relative displacement, said sections being pro- 
vided with clearances enabling at least partial displace- 
ment of said cable means along said wall surface between 
a region subject to negative stresses under load and a 
location remote from said region; cable-engaging means 
on said wall surface for maintaining said cable means 
in said region in the tightened condition thereof; and 
actuating means anchored to said cable means for alter- 
nately tightening and relaxing same. 

4. A structure as defined in claim 3 wherein said 
cable-engaging means comprises peg means adjustably 
disposed on said wall surface. 

5. A structure as defined in claim 4 wherein said 
wall surface is provided with a slot extending at an angle 
to said cable means, said peg means being displaceably 
received in said slot and selectively immobilizable there- 
in in different positions. 

6. A load-bearing structure comprising an elongated 
body subject to flexural stress in a given plane by the 
load, said body including a plurality of juxtaposed sec- 
tions of substantially identical configuration with at least 
two mutually perpendicular longitudinal walls, one of 
said walls forming a surface disposed substantially par- 
allel to said plane; elongated, flexible and substantially 
inextensible cable means alternately tightenable and re- 
leasable for solidifying said body by aligning said sections 
in pressure-transmitting relationship and slackening said 
body by releasing said sections for limited relative dis- 
placement, said sections being provided with clearances 
enabling at least partial displacement of said cable means 
along said surface between a region subject to negative 
stresses under load and a location remote from said 
region; cable-engaging means on said wall surface for 
maintaining said cable means in said region in the 
tightened condition thereof; and actuating means an- 
chored to said cable means for alternately tightening and 
relaxing same. 

7. A load-bearing structure comprising an elongated 
body subject to flexural stress in a given plane by the 
load, said body including a plurality of juxtaposed sec- 
tions of substantially identical configuration with at least 
two mutually perpendicular longitudinal walls, one of 
said waUs forming a surface disposed substantially par- 
allel to said plane; elongated, flexible and substantially 
inextensible cable means alternately tightenable and re- 
leasable for solidifying said body by aligning said sections 



07/11/2003, EAST version: 1.03.0002 



in pressure-transmitting relationship arid slackening sad irient of . said tensioning means m a plane parallel to two 
body by releasing said sections for limited relative dis- of the sides of said rectangular profile, 
placement, said sections being provided with clearances 11. A structure comprising a collapsible frame which 
enabling at least partial displacement of said cable means includes a pair of parallel bars each composed of: ^ 
along said surface between a region subject to negative 6 a plurality of juxtaposed sections of substantially 
stresses under load and a location remote frorii Said . identical configuration, said sections having aligned 
region; cable-engaging means on said wall surface idf passages defining at least one throughgomg channel; 
maintaining said cable means in said region in the elongated flexible and substantially mextensible ten- 
tightened condition thereof; and actuaUng means an: siomng means in said channel alternately tightenable 
chored to said cable means for alternately tightening and lo and relaxable for solidifying said body by ahgnmg 
relaxing same, said one of said walls being provided with said sections in pressure-transmitting relationship 
an internal longitudinal channel accommodating said and slackening said body by releasing said sections 
cable means, the channels of all said sections being co- for limited relative displacement, said sections hav- 
planar and forming the clearances for the displacement ing confronting faces provided with aligned recesses, 
of said cable means 15 said tensioning means passing through said recesses 

8 A structure as defined in claim 7 wherein said cable- at least in its tightened condition; ^ 

engaging means comprises an abutment fixedly disposed a bead slidably mounted on said tensioning means be^ 

in said channel, said abutment contacting only a limited tween adjoinmg sections for entry into said recesses 

length of said cable means substantially midway within upon a tightening of said tensioning means, said 

the channelin the tightened condition of said cable means. 20 bead being slidable on said tensioning means and 

9 A load-bearing structure comprising an elongated tapenng in opposite directions for entry into com. 
body subject to fiexural stress in a given plane by the plementary recesses of said confronting faces; 
load, said body including a plurality of juxtaposed sec- and actuating means anchored to said tensionmg 
tions of substantially identical configuration each having means for alternately tightening and relaxing same, 
a wall surface disposed substantially parallel to said plane; 25 12. A structure as defined in claim 11 wherein said 
a nair of elongated, flexible and substantially inextensible sections are of substantially rectangular profile said bead 
parallel cables alternately tightenable and releasable for being located at a corner of the rectangle . at least in the 
Soiidifying said body by aligning said sections in pres- tightened condition of said tensioning means, 
siire-traiismitting relationship and slackening said . body 13. A load-bearing structure compnsmg an elongated 
bv feleasing said sections for limited relative displace- 30 body subject to flexural stress by the load, said body m- 
ment said sections being provided with clearances en- eluding a plurality of juxtaposed sections of substan- 
abling at least partial displacement of at least one of said tially identical generally rectangular profile, said sec- 
cabies along said wall surface between a region subject tions having aligned passages defining a pair of through- 
to rtenative stresses under load and a location remote going channels, a pair of elongated, flexible and sub- 
ffoiii laid region; cable-engaging means on said wall sur- 35 stantially inextensible parallel tension elements in said 
face for maintaining said cables in said region m the channels alternately tightenable and relaxable for solidi- 
tightening condition thereof; and actuating means an- fying said body by aligning said sections in pressur^^^^^^ 
chored to said cahles for alternately tightening and re- mitting relationship and slackening said body by releas- 
ia^dng same ^^^^ sections for limited relative displacement, said 

' 10 A ioad-bearing structure comprising an elongated 40 tension elements being confined at least in their tightened 

body subject to flexural stress by the load, said body in- condition to two adjoining corners of the rectangle in a 

eluding a plurality of juxtaposed sections of substantially region subject to negative stresses under load; and actu- 

identical rectangular profile, said sections having aligned ating means anchored to said tension elements for alter- 

passages defining at least one throughgoing channel; elon- nately tightening and relaxing same, said sections bemg 

gated flexible and substantially inextensible tensioning 45 provided with clearances enabling a shifting of at least 

means in said channel alternately tightenable and relax- one of said tension elements towards a third corner of 

able for solidifying said body by aligning said sections the rectangle. 

in pressure-transmitting relationship and slackening said References Cited by the Examiner 

body by releasing said sections for limited relative dis- trxTi-rirr. ctatcc T>ATnMxc 

placement, said tensioning means being confined at least 50 UNITED STATES PATENTS 

in the tightened condition thereof to a region subject to 736,104 8/1903 Hubartt 182 — 41 

negative stresses under load; actuating means anchored 1,385,606 7/1921 Christensen 52 — 227 

10 said tensioning means for alternately tightening and 2,645.115 7/1953 Abeles 52—229 

relaxing same; and coupling . means disposed between 2,822,896 2/1958 Schuster 52—108 

confronting faces of adjoining sections for positively in- 65 2,877,506 3/1959 Ahnoslino 52—227 

terlinking same against relative lateral displacement in 2,902,789 9/1959 Mehr 43—18 

the aligned position of said sections, said coupling means popftom patpmt«; 

including a general frustoconical bead slidable on said FUKtlON FAltNi^) 

tensioning means, said bead being located at a comer of 531,975 8/1955 Italy. 

the rectangular profile at least in t^^^.tifi^te^^.^f FRANK L. ABBOTT, Primary Examiner. 

of said tensioning means, said sections being formed * ' - 

with internal clearances enabling at least partial displace- R, S. VERMUT, Assistant Examiner. 
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ABSTRACT OF THE DISCLOSURE 

An extendable and retractable box beam structure that 
may be collapsed into a coil shape and selectively ex- 
tended and expanded to a longitudinal and linear struc- 
ture that forms a rigid box beam structure. 



^ The longitudinal structural members are of thin resi- 
lient material with a curved cross section and are collaps- 
ible to a generally fiat configuration for rolling, but are 
self-erecting to a rigid form by their own resilience when 
unrolled. Intercostal members connecting the longitudi- 
nal^ members in a frame or beam structure are similarly 
resilient and collapsible, and return to their preformed 
configuration when released. Three or four sided box 
beams can be collapsed into a substantially flat rolled 
form by folding certain of the intercostals. 

BACKGROUND OF THE INVENTION 

There are many applications for spar and box beam 
structural members of various configurations for use in 
remote locations, such as in space. However, moving 
such structure members to remote locations presents con- 
siderable transportation problems that are particularly 
acute where strong and rigid structures are required. Yet 
it is necessary to transport the structures to the remote 
locations and to assemble the structure at the site, usually 
by joining together many small pieces into, for example, 
remote antenna structures, reflectors, telescope structures, 
booms for large vehicles and other similar structures. 
While such structures can be transported to remote loca- 
tions in disassembled form and then assembled at the 
site, this presents obvious problems in space as it tends 
to be impractical to lift heavy structures even in piece 
form into space and it is even more impractical to as- 
semble intricate structures piece by piece in space. 

Thus it is advantageous to have extendable-retractable 
spar structures, beam structures and composite box beam 
structures that are easily packaged in a relatively small 
volume for storage and transportation and when extended 
and deployed, comprise a large, reliable and highly effi- 
cient structure that is light weight and strong and that 
can be used to construct many different structures in re- 
mote locations and particularly in space. 

SUMMARY OF THE INVENTION 

In specific embodiments of this invention, spar sections 
are constructed of upper and lower longitudinal cap mem- 
bers. The cap members have a. relatively thin wall with 
a curved cross section that is collapsible in a plane normal 
to the longitudinal length of the cap members, to a rela- 
tively flat cross section. The spar members can be rolled 
onto a reel, without permanently deforming the spar struc- 
ture. The longitudinal cap members are joined together 
along their length with rigid intercostals that are bend- 
able in the same plane as the longitudinal cap members 



and that may comprise connecting structures that are- 
similar to the longitudinal cap members or of thm ma- 
terial having semi-circular or contoured cross sections. 
The spar members may be connected together to form, 

5 for example a r ectangula r, extendable, retractable box 
beam or a trianguldrSBS^fed box beam. Similar collapsible 
intercostals interconnect the respective spar sections of 
the box beam structure. Other intercostals comprising 
cables or thin straps are secured between respective por- 

10 tions of the cap members adding rigidity to the structure. 
In one specific embodiment, the longitudinal cap mem- 
bers comprise aligned sides of thin, spring, sheet metal 
that are joined at their longitudinal edges and how out- 
wardly forming a substantially cylindrical configuration. 

15 While the aligned sides in the bowed condition are pressed 
together forming a substantially flat member that may be 
spiraled without deforming the spring material, the spring 
material when released, expands to the outwardly bowed . 
condition forming a longitudinal structure that has con- 

20 siderable rigidity against torsional forces, bendmg forces, 
and shear forces. In another specific embodiment, the 
cap members comprise longitudinal strips of thin material 
having a semi-circular contoured cross section. The semi- 
circular cross section can be collapsed to a flat structure 

25 and spiraled on a reel. In still another specific embodi- 
ment, a pair of the longitudinal semi-circular contoured 
members are joined at their outer surfaces at the mid- 
point of their outer surfaces forming a collapsible struc- 
ture that may be collapsed to a flat cross section and 

30 rolled on a reel or other mechanism. 

All of these specific embodiments utilize flexible, pre- 
formed sections that are capable of deforming to flat, 
linear structures that are spiraled to a reduced volume. 
The structure may be rolled on a storage drum that is 

35 rotated by a power system or other suitable means. The 
drum, for example, is rotated clockwise and the box 
beam is unwound from the drum. The plane of the spiral 
beam extension is controlled by the location of support 
guides on the drum support, which guides are contoured 

40 to the shape of the cap elements. In retraction, the ro- 
tational direction of the drum is reversed and the cap 
elements are flattened by guide rollers and the hox beam 
is wrapped in a spiral on the drum. The box beam cap may 
be constructed of metallic or non-metallic high strength 

45 material that is preformed to a desired expanded contour 
shape. The shape and thickness of the material is selected 
to fulfill the specific load requirements and to allow full 
element flattening without yielding or deforming the ma- 
terial. 

SO It is therefor an object of this invention to provide a 
new and improved spar or box beam structure. 

It is another object of this invention to provide a new 
and improved spar or box beam structure that is light- 
weight and yet forms a rigid, strong and highly efficient 

o5 structure or structural element 

It is another object of this invention to provide a new 
and improved spar or box beam structure that is capable 
of being retracted into a small and compact volume. 
It is another object of this invention to provide a new 

60 and improved spar or box beam structure that is light- 
weight, and yet provides a strong and rigid structure, that 
may be rolled onto a storage drum and extended from a 
storage drum into a fully assembled spar or box beam 
structure. 

05 Other objects, novel features, and advantages will be- 
come more apparent upon a review of the following de- 
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tailed specification and an examination of the drawings 
in which: 

FIG. 1 is a perspective view of a section of an extend- 
able-retractable rectangular box beam structure of this 
invention. 5 

FIG. 2 is a cross sectional view taken along lines 2 — 2 
of FIG. 1. 

FIG. 3 is an end view of the rectangular box beam struc- 
ture of FIG. 1 in the partially collapsed condition. 

FIG. 4 is a perspective view of a section of a triangu- jq 
lar box beam structure of this invention. 

FIG. 5 is an end view of the triangular box beam 
structure of FIG. 4 in the partially collapsed condition. 

FIG. 6 is a perspective view of a section of a spar struc- 
ture of this invention. 15 

FIG. 7 is a perspective view of a section of a modified 
form of the spar structure of this invention. 

FIG. 8 is a perspective view of a section of still another 
modified spar construction of this invention. 

FIG. 9 is an end view of a structural element that is 20 
used to construct spars and box beams in this invention. 

FIG. 10 is an end view of still another modified struc- 
tural element that is used to construct spars and box beam 
structures of this invention. 

FIG. 11 is a perspective view of still another staictural 26 
element that is used to construct spars and box beam 
structures of this invention. 

FIG. 12 is a perspective view of the means for extend- 
ing and retracting the spars and box beam structures of 
this invention. 30 

FIG. 13 is an illustrative view of the use of the retracta- 
ble-extendable box beam stnicture of this invention as an 
antenna structure in space. 

Referring now to FIG. 1, a rectangular extendable- 
retractable box beam structure 10 has four longitudinal 35 
cap members 12, 18, 20 and 22. These cap members may 
be made of any suitable thin spring material that is metallic 
or non-metallic, such as steel, titanium, plastics or fiber- 
glass, or other suitable materials. The cap members com- 
prise aligned sides 14 and 16 of thin spring material that 40 
are joined at their longitudinal edges and that bow out- 
wardly having an open internal volume forming a cylin- 
drical configuration. This cylindrical configuration is col- 
lapsible to a substantially flat structure in the plane of the 
longitudinal edges by applying force against the sides 14 45 
and 16. When the sides of the bowed out portions are 
collapsed inwardly, the cap members become a substan- 
tially flat member that may be rolled into a spiral onto 
a drum, reel or other suitable device. This rolling does not 
deform the cap members. Thus when the cap members are 60 
rolled off the reel, the side members 14 and 16 spring 
outwardly forming the cylindrical cap members that have 
longitudinal rigidity, and resistance against shear forces 
and torsional forces. 

Intercostal members 24, 26, and 28, for example, are 65 
spaced along the length of the cap members and are nor- 
mally made of the same or similar material that was used 
to make the cap members. The intercostals have a semi- 
circular contoured cross section and are rigidly connected 
at their ends to raised portions 48 on the edges of the cap CO 
members. The intercostal members 24, 26, and 28 may be 
rigidly joined to the cap members by welding, braising; 
bonding or by other suitable known techniques. 

Horizontal intercostal or web members are secured to 
the adjacent sides of the cap members. The intercostal 05 
members 30 and 31 have the same configuration as inter- 
costal members 24 and 26, except that the horizontal 
intercostal members have plates 32 braised, welded, or 
bonded to the upper, center, outer surface at their op- 
posite ends. The plates 32 have end tabs 33 that project 70 
through slots in tht raised edge portions 48 that secure 
the ends of the intercostal members 30 and 31 into abut- 
ting position against the surfaces 48. This allows the ends 
of the intercostal members 30 and 31 to pivot upwardly 
upon the contraction or collapsing of the beam structure. 75 



Other intercostal members comprise cables 34, 36, 38, 
40 and 42 that connect across the box beam structure and 
form a restraining support. These other intercostal mem- 
bers can be cables or thin strips of metal. They are secured 
in any suitable manner to the raised portions 48 and to 
the plates 42 such as by end extensions that are fastened 
by resistance welding, bonding, gussets, or in any suitable 
manner. 

The box beam structure of FIG. 1 may be collapsed 
by a suitable reel structure and mechanism, see FIG. 12. A 
representative structure for rolling in, retracting or extend- 
ing the box beam structure has a housing 200 with an 
opening in one side. Positioned in the housing is an axle 
218 with upper and lower reel wheels 216. The axle 218 
and the reel wheels 216 are turned by a crank 220. Ex- 
tending from the opening is an upper plate 202 and a 
lower plate 204, that are secured together by side plates 
206. Guide plates 208 and 210, that may be made of 
teflon or other suitable materials, are secured to the side 
plates 206. Rollers 212 and 214 are secured to plates 202 
and 204 in a position adjacent the plates 210 to impart 
compressive force against the cap members 12, 18, 20 and 
22. The intercostal members 206 are rolled into the guide 
plates and are flattened out on the reel through compres- 
sive force. The cables 42 and the horizontal intercostal 
members 30, see FIG. 3, bend inward and are supported 
within the collapsed box beam structure 10, The entire 
box beam structure is collapsed into a relatively flat struc- 
ture that is rolled on reel 218 and around the reel wheels 
216, with the entire structure being reeled into the en- 
closed box structure 200. While the reel is illustrated as 
being turned by crank 220, it may be understood that the 
reel structure can be rotated by any suitable mechanical 
means such as a motor or other suitable mechanism. 

FIG. 2 illustrates the cross sectional structure of the 
cap member . 12 and the expanded sides 14 and 16 with 
the slot 35 therethrough that receives the tab end 33. FIG, 

3 illustrates the box beam structure of FIG. 1 in the par- 
tially collapsed condition. The horizontal intercostal 
members 30 and 31 are bent in an upward and downward 
direction and the cables 34, 36, 38, 40 and 42 are carried 
in an upward and downward direction by the movement 
of the horizontal intercostal members 30 and 31. 

The box beam may also be constructed as a triangular 
box beam structure as illustrated in FIG. 4. In this em- 
bodiment the upper single, cap member having diverging 
edge portions 70 and 72 to which are secured the ends 
of the vertical intercostal members 64 and 66. Also in this 
embodiment, the flexible intercostal members 78 comprise 
tins strap material that may be made of metal similar to 
the metal or material used in making the cap members 
and the other intercostal members. The triangular shaped 
box beam of FIG. 4 may be collapsed in the same manner 
as illustrated in FIG. 12 wherein the rollers 212 and the 
upper plates 210 are moved to the center of the plate 202. 
FIG. 5 illustrates the triangular shaped box beam of FIG. 

4 in the partially collapsed condition with the center inter- 
costal members 62 bowed upwardly and the strap mem- 
bers 74 pushed in an upward direction. 

It maybe understood that the box beams of FIGS, 1 
and 4 may be constructed from several different spar 
stuctures or the spar structures, per se, may be used as ex- 
tendable and retractable structural members for any 
given structure. Examples of modified forms of the spar 
structures are illustrated in FIGS. 7, 8, 9, 10, and 11. 
The spar structure of FIGS. 1 and 4 are illustrated in 
FIG. 6. The spar structure 90 has a lower cap member 
92 and an upper cap member 94 with intercostal mem- 
bers 102 and 106 that are secured to raised edge por- 
tions 98. Cables 96 and 104 provide the restraining cross 
support of the spar structure, with reference to FIG. 7, 
the spar structure 110 comprises a lower cap member 112 
and an upper cap member 114 with diagonal intercostal 
members 116 and 118 that have the curved semi-circular 
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Structure as previously described. In this embodiment, the 
c&ble or strap intercostal members are eliminated. 

In the spar structure 124 of FIG. 8, the intercostal 
members comprise sheet material 130 having support 
pieces 132 and 134- that are secured at their longitudinal 
outer surface to the sides of the sheet members 130. The 
sheet members 130 have open spaces 136 to reduce 
weight, and the edges of the sheet members are secured 
between the adjacent longitudinal edges of the upper 
and lower cap members 126 and 128. In other modified 
spar constructions, the cap members may comprise a 
longitudinal member 154, see FIG. 9 made of thin ma- 
terial having a senii-circular contoured cross section as 
previously described relative to the intercostal members 
24 and 28. An intercostal memher 150 is secured to the 
semi-circular contoured cap member 154 by a plate mem- 
bei 152 that is secured to the center portion of the outer 
surface of the end of the intercostal member 150 to 
the centered side surface of the outer surface of the cap 
member 154. Referring to FIG. 10/the cap member com- 
prises a pair of longitudinal semi-circular contoured cross 
section members 160 and 162 that are joined at their ad- 
jacent centered outer surfaces and have outwardly di- 
rected longitudinal edge portions 164 that provide added 
rigidity to the cap structure. Plate members 158 are se- 
cured between the adjacent surfaces of the contoured 
section 160 and 162 and have a downward portion that 
is connected to the outer centered surface of the inter- 
costal memher 156. In FIG. 11 the intercostal member 
may be secured hy braising, welding, or the like to one 
of the outer side surfaces of the cap structure that com- 
prises the thin sides of spring material that are joined 
at their longitudinal edges and that bow outwardly. Each 
of the foregoing structures may form a separate spar 
slurcture or may form a spar structure used in the box 
beam structure as illustrated in FIG. 1 or 4, each of 
which can be collapsed into a retractable structure on a 
reel as illustrated in FIG. 12. 

In operation, the aforesaid box heam structures or 
spar structures are retracted into a small light weight 
volume and transported to any place of use, such as in 
space. The structure is then extended to be used to make 
any suitable composite structure such as illustrated in 
FIG. 14, where a rectangular box beam structure 224 
having intercostals 226 functions as an antenna structure 
having diapoles 228 that have support lines 230. The 
structure is extended in space above the earth 232. 

Thus it may be understood that large structures can 
be packaged in a small volume and yet the structures 
when extended have exceptional strength characteristics 
against bending, sheer and torsion forces. The dynamic 
launch force and storage volume requirements are com- 
pletely minimized for spacecraft applications. The sim- 
plicity of the structure provides maximum reliahility 
with only a small force required to extend and retract the 
box beam structure. 

Having described our invention, we now claim: 

1. An extendable-retractable box beam that is selec- 
tively collapsible to a reduced volume in the retracted 
condition and extendable to rigid box beam structure 
comprising: 

at least three longitudinal cap members each having 
relatively thin resilient walls with a normally curved 
cross section that is forcibly collapsible to a relatively 
flat cross section in a given plane, 

said cap members in the extended position being par- 
allel in the longitudinal direction and spaced from 
each other, 

and spaced intercostals of resilient material with a nor- 
mally curved cross section that are forcibly bendable 
in a given plane interconnecting said cap members 
in space defining relationship, said spaced cap mem- 
bers and spaced intercostals forming a box beam 
in the extended condition. 



10 



30 



35 



claim 1 in which said cap members comprising aligned 
sides of thin spring material that are joined at their 
longitudinal edges and that bow outwardly forming a 
cylindrical configuration that is collapsible to. a substan- 
tially flat configuration in the plane of said longitudinal 
edges, said intercostals being secured to the joined edges 
of said sides. 

3. An extendable-retractahle box beam as claimed in 
claim 1 in which the ends of certain ones of said inter- 
costals are fixedly connected to said cap members at 
spaced intervals along the length thereof, forming ad- 
jacent ribs. 

4. An extendable-retractable box beam as claimed in 
claim 3 including the ends of others of said intercostals 

15 are pivotally connected at spaced intervals between said 
cap members, forming adjacent ribs. 

5. An extendable-retractable box beam as claimed in 
claim 3 in which the ends of said certain ones of said in- 
tercostals are secured to the adjacent longitudinal edges 

20 of said cap members by the convex outer surface of the 
intercostals. 

6. An extendable-retractable box beam as claimed in 
claim 3 in which the ends of said ones of said intercostals 
being secured to the outer surface of one of the bowed 

25 sides of the said cap members with the outer convex sur- 
face of said intercostals abutting said outer surface of 
said bowed sides. 

7. An extendable-retractable box beam as claimed in 
claim 4 in which: 

the end edges of said others of said intercostals abutt 
the adjacent sides of adjacent longitudinal edges of 
said cap members, 
and tab plates secured to the outer center surface of 
said others of said intercostals with end projections 
that project pivotally through slots in said longitu- 
dinal edges of said cap members. 

8. An extendable-retractable box beam as claimed in 
claim 1 in which said cap members and said intercostals 
comprise members of thin material having semi-circular 
contoured cross sections. 

9. An extendable-retractable box beam as claimed in 
claim 8 including plate members secured to the outer 
convex surface of said cap members and to the outer 
convex surface of ends of said intercostals for fixedly 
securing said cap members to said intercostals. 

10. An extendable-retractable box beam as clauned in 
claim 1 in which: 

each of said cap members comprising a pair of longi- 
tudinal members of thin material having semi-circu- 
lar contoured cross sections with the outer convex 
surfaces of said longitudinal members, being joined 
together, 

and said intercostals comprising members of thin ma- 
terial having semi-circular contoured cross sections. 

11. An extendable-retractable box beam as claimed in 
claim 10 in which the outer longitudinal edges of said 
semi-circular contoured cross sections have substantially 
flat longitudinal edge portions that are angled outwardly 
from the semi-circular contoured cross section portions. 

12. An extendable-retractable box beam as claimed in 
claim 11 including plate members having one side secured 
between the adjacent convex surfaces of said longitudinal 
members of said cap members and the other side secured 
to the outer convex surface of ends intercostals for fixedly 
securing said cap members to. said intercostals. 

13. An extendable-retractable box beam as claimed in 
claim 1 and including a sheet of resilient material with 
side edges secured to and connecting adjacent ones of 
said longitudinal cap members, said intercostals being se- 
cured by their outer convex surfaces to said sheet mate- 
rial substantially normal to the longitudinal length of said 
cap members, forming rib sections. 

14. An extendable-retractable box beam as claimed in 
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2. An extendable-retractable box beam as claimed in 75 claim 1 in which, said box beam includes one upper longi- 
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tudinal cap member and a pair of lower cap members 
forming a triangular shaped box beam, the intercostals 
connecting said lower cap members being foldable up- 
wardly for collapsing the box beam to a substantially fiat 
condition. 

15. An extendable-retractable box beam as claimed in 
claim 1 in which said box beam having a pair of upper 
longitudinal cap members and a pair of lower cap mem- 
bers forming a rectangular box beam, the intercostals con- 
necting said cap members along two opposed sides of the 
box beam being foldable inwardly between the other sides. 
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